Abstract. The distribution pattern of C 3 and C 4 grasses nine climatic and environmental variables showed the was studied in eight sites located between 350 m and 2100 m highest correlation with July mean temperature, but all along an altitudinal gradient in Central Argentina. Of 139 temperature variables show highly significant correlations taxa fifty-nine are C 3 and eighty C 4 . Species of the C 3 tribes with % C 4 . Correlation with annual rainfall is lower but (Stipeae, Poeae, Meliceae, Aveneae, Bromeae and Triticeae) also significant. These results are consistent with previous and C 3 Paniceae species increase in number at higher research showing the relative importance of C 4 grasses as elevations; only one C 3 species was found below 650 m.
INTRODUCTION
The distribution of C 3 and C 4 grasses were obtained for Physiological differences of C 3 and C 4 grass species are eight sites along an altitudinal gradient ranging from 350 m reflected in their distribution patterns along environmental to around 2100 m a.s.l. in the Có rdoba Mountains (31°60′S gradients or under varying climatic conditions. C 4 grasses and 65°50′W). Floristic surveys and Braun-Blanquet cover are generally represented more on warmer environments, abundance data (Braun-Blanquet 1932) , provided by while C 3 grasses are represented more on cooler Cabido (1985) , Cabido & Acosta (1986) , Cabido, Breimer environments. These distribution patterns are remarkably & Vega (1987) , Acosta et al. (1989) and Cabido et al. (1994) , consistent at a large range of spatial scales (Wentworth, were used to assess the distribution of species. All the sites 1983), and in all parts of the world where they have been were open grasslands where grasses are the dominant species. investigated (Hattersley, 1992; Ehleringer & Monson, 1993) .
Only the two lower sites had scattered trees. The climate is Usually temperature is the variable mostly correlated with temperate with warm season rainfall (70% of the rain falls the occurrence of C 4 species in grass floras (Teeri & Stowe, from November to March). A detailed description of the 1976; Cavagnaro, 1988) , even though some authors have area is given by the authors cited above. stressed the importance of water availability and soil Total number of C 3 and C 4 grass species, % C 4 species moisture indices (Chazdon, 1978; Tieszen et al., 1979) . and % C 3 and C 4 grass cover were calculated for each According to Hattersley (1983) generally both C 3 and C 4 elevational site. Cover values were obtained from Braungrass species increase in number with increasing rainfall in Blanquet data. The C 4 photosynthetic pathway was their preferred temperature regime.
identified by examination of Kranz anatomy in crossThe study reported here is one of the few examining the sections of fresh and herbarium specimens and from distribution of C 3 and C 4 grass species along an elevational literature data (Smith & Epstein, 1971 ; Sánchez & Arriaga, gradient for grasslands in a temperate summer-rainfall 1990; Hattersley & Watson, 1992) . region of the world (in Central Argentina). Our objective Pearson's correlation coefficients were calculated for the was to identify those climatic variables most correlated with relationships between distribution parameters (% C 4 and C 4 grass species composition. numbers of C 3 and C 4 species) and climatic variables obtained from the National Meteorological Service (Servicio Meteroroló gico Nacional 1958 , 1962a , 1962b , from records of the Argentine Railways (unpublished data) and from stations located in private properties (Palacios & Zamar, (Fig. 2) . The number of C 3 species decreases from thirty-seven at 2100 m to four at 600 m, and only one (Stipa sanluisensis Speg.) at 350 m. C 4 grasses are more numerous in the lower zone and less so above 1400 m (Table 2) . Nevertheless, nine C 4 grasses are still found at 2100 m where the January average maximum temperature is only 15.8°C. The floristic crossover point (equal numbers of C 3 and C 4 species) is at approximately 1500 m but the ground cover cross-over point is at 1000 m (Fig. 2 ). Although C 3 species decrease considerably below 1600 m, their contribution to total grass coverage is well over 50% from above 1000 m (Table 2) .
Remarkably high positive correlation was found between both summer and winter temperature variables with % C 4 species ( Table 3) . Correlation of % C 4 with rainfall is negative and also is significant. Correlations between the number of C 4 species and climatic variables are not significantly different (results are not presented).
DISCUSSION
There are clear differences in the distribution of C 3 and C 4 grasses along the altitudinal gradient studied. Lower altitude grasslands consist mainly of C 4 grasses, whereas C 3 grasses dominate at higher altitudes. Our findings are comparable with those reported for different regions of the world (Hattersley, 1992; Hattersley & Watson, 1992; Ehleringer & Monson, 1993 ).
All temperature variables tested showed strong correlations with the relative abundance of C 4 and C 3 species, suggesting that the cooler the winter, the greater the relative success of C 3 grasses, and the hotter the summer the greater the relative success of C 4 grasses. An equally close relationship was found between % C 4 and January average maximum temperature for Australia (Hattersley, 1983) .
While temperature and related variables are highly correlated with % C 4 at continental scales (Hattersley, 1992) , good correlations with rainfall are also reported along elevational gradients at more local scales, where precipitation increases with altitude (Chazdon, 1978; Rundel, 1980) . In our study area rainfall also shows good correlation with % C 4 and when only summer rainfall is correlated the coefficient is even higher. Our finding contrasts correlation with rainfall for a close but climatically different region in Argentina.
The cross-over point for the number of species occurs at RESULTS 1500 m, and is characterized by a mean annual daily minimum temperature of approximately 7°C to 8°C. The Of the 139 grass taxa found along the elevational gradient, fifty-nine were C 3 and eighty C 4 . Only the tribe Paniceae cross-over point occurs at different elevations in other regions of the world but at similar mean minimum contains both C 3 and C 4 species. Most of the tribes show trends in their representation with increasing or decreasing temperature ranges (Tieszen et al., 1979; Rundel, 1980) . Several authors have found that mean minimum and mean altitude (Fig. 1) . The C 3 tribes Poeae, Aveneae, Bromeae and Arundineae and C 3 Paniceae species are more represented maximum temperatures of the warmest month are the single best predictors of C 3 and C 4 species numbers (Wentworth, at higher altitudes. In contrast, the C 4 tribes Aristideae, Pappophoreae, Cynodonteae and C 4 Paniceae species, are 1983). When our results are compared with those reported distribution has also been stressed by Tieszen et al. (1979) .
variables.
In our study area it seems to be related to at least the local C 4 species distribution at higher elevation where soil
Variables R moisture data are available (Cabido et al., 1987 27°C, which is similar to the value of 26°C reported by Wentworth (1983) for the cross-over point in Arizona, but substantially higher than the corresponding value of 22°C for lower latitudes (Chazdon, 1978 for Costa Rica; Tieszen reported by Rundel (1980) for Hawaii. These results are et al., 1979 for Kenya; Rundel, 1980 for Hawaii), a pattern consistent with the temperate versus tropical pattern of for the cross-over point emerges only for the mean maximum floristic cross-over temperatures discussed above. Below temperature of the warmest month, which ranges between 1000 m the contribution of C 3 species to total grass cover 21°C and 22°C. However, when the mean minimum is negligible. By contrast C 4 grasses still attain nearly 30% temperatures of the warmest month are compared for the of total grass cover at higher elevations as a result of the cross-over point, our results are most comparable with dominance of some species in locally rocky or xeric sites, those reported for temperate latitudes (Wentworth, 1983 as mentioned before. The higher contribution of C 3 grass for Arizona; Cavagnaro, 1988 for Argentina). This is in species to total grass coverage below the floristic crossagreement with what has been suggested by Rundel (1980) , over point requires further explanation and research. Some and supported by Ehleringer (1978) and Cavagnaro (1988) , possibilities are that it could reflect inertia of past plant that C 4 grasses achieve floristic dominance at lower communities widely distributed during the last glaciation, environmental temperatures in the tropics than in temperate or the importance of other environmental constraints, such regions.
as edaphic factors. Teeri & Stowe (1976) and Long (1983) suggested that locations with a minimum temperature of the warmest ACKNOWLEDGMENTS month below 8°C appear to have few or no C 4 grass species. However, Schwartz & Redmann (1988) reported that C 4 This study was supported by the National University of genera such as Muhlenbergia commonly occur at or below Có rdoba through the Secretary of Science and Technology this temperature limit. In our study area such temperatures (SECyT) and the Research Council of Có rdoba Province are found at the highest extreme of the gradient where nine (CONICOR). Paul Hattersley made valuable improvements C 4 grass species are still found. They belong to the genera to a first draft of the manuscript. We are also indebted to Muhlenbergia, Aristida, Eragrostis, Tripogon, Bouteloua, Prof. D. Abal Solís who drew the figures. Bothriochloa, Schizachyrium and Sorghastrum. The C 4 REFERENCES species at this altitude are restricted to sandy shallow soils with low indices of available soil moisture and water deficit Acosta, A., Cabido, M., Díaz, S. & Menghi, M. (1989) Local and at some time throughout the year (Cabido et al., 1987) . The 
